OBJECTIVE Use of surgical site drains following posterior cervical spine surgery is variable, and its impact on outcomes remains controversial. Studies of drain use in the lumbar spine have suggested that drains are not associated with reduction of reoperations for wound infection or hematoma. There is a paucity of studies examining this relationship in the cervical spine, where hematomas and infections can have severe consequences. This study aims to examine the relationship between surgical site drains and reoperation for wound-related complications following posterior cervical spine surgery. METHODS This study is a multicenter retrospective review of 1799 consecutive patients who underwent posterior cervical decompression with instrumentation at 4 tertiary care centers between 2004 and 2016. Demographic and perioperative data were analyzed for associations with drain placement and return to the operating room. RESULTS Of 1799 patients, 1180 (65.6%) had a drain placed. Multivariate logistic regression analysis identified history of diabetes (OR 1.37, p = 0.03) and total number of levels operated (OR 1.32, p < 0.001) as independent predictors of drain placement. Rates of reoperation for any surgical site complication were not different between the drain and nodrain groups (4.07% vs 3.88%, p = 0.85). Similarly, rates of reoperation for surgical site infection (1.61% vs 2.58%, p = 0.16) and hematoma (0.68% vs 0.48%, p = 0.62) were not different between the drain and no-drain groups. However, after adjusting for history of diabetes and the number of operative levels, patients with drains had significantly lower odds of returning to the operating room for surgical site infection (OR 0.48, p = 0.04) but not for hematoma (OR 1.22, p = 0.77). CONCLUSIONS This large study characterizes current practice patterns in the utilization of surgical site drains during posterior cervical decompression and instrumentation. Patients with drains placed did not have lower odds of returning to the operating room for postoperative hematoma. However, the authors' data suggest that patients with drains may be less likely to return to the operating room for surgical site infection, although the absolute number of infections in the entire population was small, limiting the analysis.
P
ostoPerative spinal epidural hematoma and surgical site infection (SSI) are devastating complications following posterior cervical spine surgery, with reported incidences of 1.5% 16 and 1%-6%, 18, 19, 24, 27 respectively. Closed suction surgical site drains are commonly used after posterior cervical spine surgery, as they are thought to prevent hematomas, seromas, and SSIs. Drains can assist in removal of blood products and other fluid from the surgical site, and thus it is thought that the drain can serve as a means of decompression of closed spaces after surgery. Conversely, the drain can serve as a conduit for organisms to infect an otherwise clean surgical site. While the theoretical risks and benefits of postoperative drain use have been established, the use of surgical site drains remains variable, and the clinical benefits are controversial.
There are only a small number of studies examining the role of postoperative surgical site drains in the posterior cervical spine. One study examined the role of surgical site drains with and without alcohol foam or vancomycin powder following posterior cervical spine surgery and concluded that the drain with or without alcohol foam or vancomycin was associated with reduced odds of postoperative infections compared to the control group. 20 However, this group studied consecutive cases of only one surgeon and did not test whether there was an association between drain use and poor wound-related postoperative outcomes such as hematoma and wound dehiscence. In light of the paucity of studies regarding the use of surgical site drains in posterior cervical spine surgery, we sought to better understand the association between surgical site drains and reoperation after posterior cervical spine surgery in a large cohort from multiple centers.
Methods

Patient Population
Records of consecutive adult patients undergoing posterior cervical decompression and instrumentation at 4 tertiary care centers between 2004 and 2016 were reviewed. Patients who underwent cervical and lumbar operations with 2 separate incisions were excluded. However, patients undergoing anterior cervical spine surgery in the same operation were not excluded, as we considered this one disease process. Patients with malignant disease of the spine were excluded. Per the Surgical Care Improvement Project (SCIP) measures, all patients were administered prophylactic antibiotics within 1 hour prior to surgical incision. Antisepsis preparation was performed for all patients according to the current Centers for Disease Control and Prevention guideline at the time of operation. The Cleveland Clinic Foundation, Maine Medical Center, SUNY Upstate Medical University, and Tufts University institutional review boards approved the study.
Clinical Data Collection
Demographic and clinical variables were collected retrospectively through review of electronic medical records and paper charts. Operative notes were reviewed to determine whether a surgical site drain was placed. Patients were stratified into 2 groups: drain and no drain. Surgery was considered elective if the patient was scheduled for surgery after an outpatient visit. Nonelective surgeries included those in patients who were transferred from an outside hospital, presented to the emergency department, or had changes in neurological function requiring decompressive surgery during a hospital stay. Patients were considered to have a history of cervical spine surgery if any cervical vertebrae had been operated on previously. Superficial neck operations did not qualify. Operative levels included all levels involved in either decompression or instrumentation. Postoperative length of stay is defined as the length of time in days between the operation and hospital discharge. Total length of stay is defined as the total number of hospital days between hospital admission and discharge.
Outcomes
All operations occurring after the initial operation on the posterior cervical spine were reviewed. We determined a second operation to be potentially related to the drain status if the second operation occurred within 90 days of the first operation. Hematoma was defined as an epidural hematoma with acute neurological deterioration with visualization of the hematoma by the surgeon on reoperation. Infections were identified by clinical signs and verified by positive culture of the wound if possible. A principal investigator was blinded to drain placement and reviewed all reoperations to determine whether they were potentially related to drain status. The principal investigator reviewed the preoperative and postoperative diagnoses listed on the operative note and thoroughly reviewed the subsequent written details of the operation. Any diagnosis or written text indicative of a hematoma, bleeding, seroma, infection, dehiscence, purulent fluid, or phlegmon was potentially included as related to drain status. Patients who underwent reoperation within 90 days for inadequate decompression, adjacent-segment disease, or acute hardware failure were not included in the reoperation group. Any mention alluding to drain placement was removed from the operative notes prior to review by the principal investigator. The second operation was a clinical endpoint. Further operations were not considered.
Statistical Analysis
Patients who had a surgical site drain placed were compared with those who did not have a surgical site drain placed for demographic, clinical, and perioperative characteristics. The 2 populations (drain vs no drain) were compared using chi-square analysis, Fisher's exact test, the Student t-test, and the Kruskal-Wallis 1-way ANOVA as appropriate. Backward step-wise multivariate logistic regression models were used to identify independent predictors of surgical site drain placement. Variables with p ≤ 0.1 on univariate logistic regression analyses were included in the backward step-wise multivariate models. Variables with p < 0.2 were retained in the backward step-wise models. Results are presented as median (IQR) or mean ± standard deviation, unless otherwise specified; p ≤ 0.05 was considered statistically significant. Statistical analyses were performed using Stata/SE version 11.2 (StataCorp).
Results
A total of 1851 patients were identified who underwent posterior cervical decompression and instrumentation from 2004 to 2016. Of these patients, 2 patients were excluded for having both lumbar and cervical surgery in the same operation, and 50 patients were excluded for having incomplete medical record information. Thus, 1799 patients were included in the analysis. Fifty surgeons operated on study patients among the 4 hospitals contributing to the study.
Determinants of Drain Placement
Of the 1799 patients included in the study, 1180 (65.6%) had a surgical site drain placed. Age, sex, BMI, smoking status, and history of rheumatoid arthritis were not statistically different between the drain and no-drain groups (Table 1). However, between the drain and no-drain groups, history of type 2 diabetes (24.1% vs 18.6%, respectively; p = 0.008), history of cervical spine surgery (21.5% vs 27.8%, respectively; p = 0.003), median number of operative levels (4 [IQR 4-6] vs 4 [IQR 2-5], respectively; p < 0.001), and estimated blood loss (EBL; 255.2 ± 12.1 ml vs 199.8 ± 12.0 ml [SEM], respectively; p = 0.003) were statistically significantly different (Table 1) .
Drain placement was variable between hospitals ( Fig.  1A) . Drain placement ranged between 24.3% and 80.0% at the 4 hospitals (p < 0.001). Furthermore, drain placement was variable between surgeons in each hospital practice (Fig. 1B) , with the following drain placement rates at each hospital: 2.0%-41.7%, 33.3%-95.1%, 26.5%-99.0%, and 67.5%-93.1% among surgeons who operated on at least 20 patients in the study. The overall rate of drain placement for each surgeon in the study contributing at least 20 patients ranged from 2.0% to 99.0% (Fig. 1C) .
On univariate analysis, surgical site drain placement was associated with the following demographic and clinical characteristics: history of cervical spine surgery (OR 0.71, p = 0.003), history of type 2 diabetes (OR 1.39, p = 0.008), total number of levels operated (OR 1.37, p < 0.001), and EBL (OR 1.01 per 10 ml, p = 0.01) ( Table 2) . Independent predictors of surgical site drain placement (Table 2) were history of type 2 diabetes (OR 1.37, p = 0.02), history of cervical spine surgery (OR 0.66, p < 0.001), and total number of levels operated (OR 1.38, p < 0.001). After adjusting for hospital where the surgery was performed, history of type 2 diabetes (OR 1.37, p = 0.03) and total number of levels operated (OR 1.32, p < 0.001) were both associated with drain placement. The area under the curve from this analysis was 0.77 compared with 0.65 when the model was not adjusted for the hospital where surgery took place.
Outcomes Associated With Drain Placement
Reoperation unrelated to hardware or adjacent-segment disease occurred in 72 of 1799 (4.00%) patients within 90 days of the initial operation. On univariate analysis, reoperation rates were similar between the drain and no-drain groups (4.07% vs 3.88%, respectively; p = 0.85) ( Table 3 ). The overall rates of reoperation were as follows for the various subgroups: hematoma, 0.61%; seroma, 0.39%; SSI, 1.95%; wound dehiscence, 1.00%; and other, 0.22%. Rates of reoperation between the drain and no-drain groups for hematoma (0.68% vs 0.48%, p = 0.62), seroma (0.51% vs Table 4 ). In addition to reoperation for hematoma, seroma, infection, and wound dehiscence, patients returned to the operating room for other reasons: retained drains (n = 2), CSF fistula (n = 1), and stitch abscess (n = 1). The median total lengths of stay in the drain and nodrain groups were 4 days (IQR 3-6 days) and 4 days (IQR 2-7 days), respectively (p = 0.14). To account for time spent in the hospital for preoperative workup in some patients, we also calculated the postoperative length of stay. The median postoperative lengths of stay were 4 days (IQR 3-5 days) and 4 days (IQR 2-6 days), respectively (p = 0.22) ( Table 3 ). On multivariate analysis adjusting for history of type 2 diabetes, total number of levels operated, and hospital, the total length of stay and postoperative length of stay were not statistically different between the drain and no-drain groups (Table 4) .
Clinical and Demographic Factors Associated With Reoperation
Patient demographics were not statistically significantly different between patients who were taken back to the operating room for reoperation and those who were not (Table 5 ). However, the reoperation group had more total levels operated than the non-reoperation group (5 [IQR 4-6] vs 4 [IQR 3-5], respectively; p = 0.001). This variable was independently associated with increased odds of returning to the operating room for reoperation (OR 1.33, p < 0.001).
Surgical Site Infection
Patients who underwent reoperation for SSI had a higher rate of type 2 diabetes (16/35, 45.7%) than patients who did not have an SSI (380/1764, 21.5%) (p = 0.001). Reoperation for SSI was also associated with more total levels operated (5 [IQR 4-7] vs 4 [IQR 3-5] levels, p = 0.01). The total number of levels operated was also independently associated with increased odds of reoperation for SSI after adjusting for type 2 diabetes and EBL (OR 1.38, p = 0.001).
Hematoma and Seroma
There was no difference in demographic or clinical variables when comparing patients who underwent reoperation for hematoma or seroma and those who did not.
Wound Dehiscence
Patients who returned to the operating room for wound dehiscence had more total levels operated (median 5.5 ) than those who did not have wound dehiscence (median 4 [IQR 3-5]) (p = 0.01). Patients undergoing reoperation for wound dehiscence also had a higher rate of prior cervical spine surgery (10/18, 55.6%) than those who did not have wound dehiscence (411/1781, 23.1%) (p = 0.001). Neither history of type 2 diabetes nor history of rheumatoid arthritis was associated with wound dehiscence.
Four hundred ninety-two of 1180 (41.7%) patients with drains placed had daily drainage data available for collection. The average daily drainage was 119.3 ± 75.4 ml. Average daily drainage was increased in patients who eventually underwent reoperation compared with those who did not (152.8 ± 116.2 ml vs 117.9 ± 73.0 ml, respectively; p = 0.04). Total drainage was also increased in patients who underwent reoperation (273.9 ± 172.0 ml vs 500.8 ± 647.9 ml, p < 0.001). Patients returning to the operating room for treatment of SSI had increased daily drainage (201.9 ± 171.2 ml vs 118.1 ± 72.8 ml, p = 0.003) and total drainage (723.6 ± 1003.2 ml vs 276.3 ± 176.3 ml, p < 0.001) when compared with patients who did not return to the operating room for SSI. The median postoperative day for surgical site drain removal was day 3 (IQR 2-3). There was no difference in duration of drainage between patients who underwent reoperation and those who did not. 
Discussion
The present study is the largest study to date on reoperation rates in patients undergoing posterior cervical spine surgery with and without postoperative drain use. This study has 2 significant findings. First, we found that surgical site drain placement is variable between hospitals and also variable within practices; however, overall, diabetic patients and patients undergoing larger surgeries in our sample were more likely to have a surgical site drain placed. The positive relationship between diabetes and SSI is congruent with previous reports in the literature. 24 ,27 Second, we found an association between surgical site drain use and decreased odds of reoperation for SSI. Further analysis demonstrated the overall rate of hematoma and seroma formation was 1.00%, which was not different between groups and is in agreement with previous reports of postoperative hematoma ranging from 0% to 1.0%. 1, 5, 8, 11, 16 The overall rate of infection was 1.95%, which is at the low end of reported infection rates in the literature ranging from 0.5% to 18.8%. [2] [3] [4] 9, 13, 18, 19, [23] [24] [25] 27, 28 The orthopedic literature has a long history of investigating the use of postoperative surgical site drains. 7 In total joint arthroplasty, surgical site drains were associated with increased rates of transfusion 12, 22 but not a decrease in the rate of wound complications. A systematic review of the orthopedic literature comparing closed suction drainage systems with no drainage system for all types of elective and emergency orthopedic surgery concluded that there was insufficient evidence from randomized trials to recommend the routine use of surgical site drains. 21 Similarly, a meta-analysis of randomized controlled trials of surgical site drainage after hip fracture surgery found that drains were not beneficial. 6 Conversely, in the plastic surgery literature, a large meta-analysis of 6930 patients suggested that surgical site drains are associated with decreased hematoma and seroma formation in patients undergoing breast biopsy and axillary node dissections, respectively. 15 The benefit of surgical site drains appears to be surgery specific.
In comparison to other surgical sites, postoperative hematoma formation, fluid collection, and infection in a small space can result in extraordinary neurological sequelae secondary to compression of the thecal sac. In the case of postoperative cervical spine epidural hematoma, for example, rapid emergency evacuation of the blood clot is required to prevent morbid outcomes, such as quadriplegia. Studies in the lumbar spine have yet to demonstrate benefits associated with postoperative surgical site drain use. A large retrospective study of 560 patients undergoing single-level lumbar decompression surgery concluded that postoperative surgical site drains did not influence postoperative wound infection or hematoma.
14 To better understand how effective drains are in reducing subclinical epidural fluid collections, Mirzai et al. prospectively randomized 50 patients undergoing single-level lumbar discectomy to have a drain placed or not and performed MRI at 1 day. They found that the group without drains developed epidural fluid collection by MRI detection at a much higher rate of 89% than the drain group at 36%. 17 Their data suggested that drains could help clear excess fluid from the surgical site and adjacent spaces. However, they did not observe a difference in clinical outcomes between the 2 groups. A meta-analysis of 7 studies of postoperative suction drain use after posterior spine surgery included 2098 patients and found that drains did not affect healing rates or infection. 10 The relationship between surgical drains and hematoma prevention was not studied. Similarly, another recent meta-analysis failed to demonstrate an association between surgical site drains and decreased odds of hematoma and infection. 26 While the benefit of surgical site drains in the lumbar spine remains to be demonstrated, the benefit of surgical site drains in the cervical spine remains an unanswered question.
The study of surgical site drains in the posterior cervical spine is limited. In their recent study, Payhs et al. suggested that surgical site drains in the posterior cervical spine in combination with alcohol foam or vancomycin powder are associated with reduced odds of SSI among patients undergoing any posterior cervical spine surgery. Our data regarding reoperation for infection are congruent with Pahys et al. as we find that surgical site drains are associated with reduced odds of reoperation for infection in a subset of patients undergoing posterior cervical spine decompression with instrumentation. This study is focused on patients undergoing larger surgeries with instrumentation, which are more prone to infection, and it is more broadly applicable to the general population, as we included data from 4 hospitals and 50 surgeons. Our study also examined the relationship between surgical site drains and postoperative hematoma and wound dehiscence. We did not find a relationship between surgical site drain use and postoperative hematoma formation. It is possible that drains were omitted in patients in which the surgeon presumed excellent hemostasis was achieved on closing the fascia, leaving few patients who would benefit from drainage without a drain. However, this decisionmaking is unmeasurable. Regarding wound dehiscence, our data suggest that wound dehiscence is associated with larger surgeries and patients who have undergone prior cervical spine surgery. It is unknown whether prior cervical spine surgeries were performed at levels involved with the surgery under study. Operating in the vicinity of scar tissue could inhibit wound healing.
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This study is limited in the following ways: 1) There is potential for bias in determining whether reoperations were possibly related to postoperative wound care. While we blinded the adjudicator to drain placement status, it is possible the operative notes provided information about postoperative wound care that could influence patient categorization. 2) While all patients received prophylactic antibiotics within 1 hour prior to skin incision per the SCIP protocol, perioperative antibiotic treatment is not standardized between patients and is difficult to obtain and quantify. 3) Due to the retrospective nature of this study, unmeasurable factors that contribute to the decision to place surgical site drains in patients after posterior cervical spine surgery cannot be evaluated. Furthermore, retrospective studies expose the study to bias and confounders that we are not aware of and can therefore not adjust for. Our study is also limited in that there were relatively small numbers of patients with infection in both populations at 1.60% with drains versus 2.58% without drains.
Conclusions
Postoperative surgical site drain use is variable in patients undergoing posterior cervical spine surgery for decompression with instrumentation; however, patients with diabetes and patients undergoing larger operations are more likely to have a drain placed. Surgical site drain placement is associated with approximately 50% reduced odds of reoperation for SSI, although the absolute number of infections in both populations was small. Furthermore, patients undergoing larger surgeries and patients who have had prior cervical spine surgery demonstrated a higher rate of reoperation for wound dehiscence. We did not find any demographic or clinical factors associated with postoperative hematoma. We recommend that surgeons consider drain placement in patients undergoing posterior cervical spine decompression with instrumentation.
